Objectives: A prospective design was used to examine predictors of adherence to a physical activity intervention in older adults with compromised function. Methods: The sample included 213 men (31.1%) and women (68.9%) with an average age of 76.53 years. Results: The predictor variables accounted for 10% of the variance in percent attendance during adoption and transition, respectively. Adding percent attendance during adoption to the prediction of percent attendance during transition increased the explained variance in this phase to 21%. During maintenance, the predictors accounted for 13% of the variance in frequency of physical activity; this estimate increased to 46% when adding in percent attendance from the transition phase. Discussion: These results are encouraging in that the physical activity intervention appears to have been well tolerated by diverse subgroups of older adults. The role of prior behavior in predicting downstream adherence underscores the importance of developing proactive interventions for treating nonadherence in older adult populations.
Predictors of adherence to physical activity in the Lifestyle Interventions and Independence for Elders pilot study (LIFE-P)
There is national sample evidence of a decline in physical activity with age (Stephens 1988) and an association between inactivity and increased risk for physical disablement (Keysor 2003) . The LIFE Pilot study (LIFE-P) (Rejeski et al 2005a) is a randomized clinical trial that was designed to examine the feasibility of conducting a large multicenter trial on the effects of increasing physical activity in sedentary, functionally compromised older adults to delay or prevent the onset of mobility disability. Because adherence to lifestyle behavior change is problematic at any age (Dishman 1988) , this investigation examines how well we were able to predict adherence to physical activity in LIFE-P.
The problem of nonadherence
In the general medical literature, poor treatment adherence is common to health behavior regimens even when the risk of nonadherence is immediately life-threatening (Meichenbaum and Turk 1987; Dimatteo et al 1993) . Unfortunately, this situation has been similarly documented for physical activity (Dishman 1988) . A recent review was published on older adults' adherence to randomized clinical trials of physical activity by Martin and Sinden (2001) . Of the 21 studies reviewed, 14 involved non-clinical populations and 13 included participants in the age range from 65-75 years. Although the overall mean (SD) program attendance rate was 78.2% (16.4%), those studies that employed intention to treat analyses had lower attendance rates (63%) than those who eliminated drop-outs (88%). The duration of these studies ranged from 10 to 78 weeks with a mean (SD) of 31.85 weeks (18.1). In the current study, we examine predictors of adherence to physical activity in 3 phases of the LIFE-P physical activity study: adoption (the first 2 months of intervention), transition (months 3-6), and maintenance (months 7-12).
Predictors of physical activity adherence
As predictors of adherence, we consider 5 clusters of conceptually related variables. These include information on participant demographics (Dishman and Sallis 1994) , disease burden (Rejeski et al 1997) , physical functioning (Ytterberg, Mahowald, and Krug 1994; Rejeski et al 1997) , self-reported symptoms (Dishman and Sallis 1994; Shaw, Cronan, and Christie 1994; Rejeski et al 1997) , and process measures that were based on social cognitive theory (ie, performance effi cacy, barriers effi cacy, satisfaction with physical function, and desire for physical competence) (Garcia and King 1991; Bandura 1998; Rejeski et al 2005b) . In addition, in the transition and maintenance phases, we examine the role that prior program attendance had on patterns of adherence. Reasons for considering prior program adherence as a predictor variable include the fact that the repetition of intentional behavior is related to habit formation (Maddux and DuCharme 1997) . Moreover, participants with better adherence are exposed to greater and more consistent mastery experience, a known determinant of physical activity behavior (McAuley et al 2003) .
Methods Overview
After completion of informed consent, a total of 213 sedentary persons aged 70-89 years who were at elevated risk of disability were randomized to a physical activity intervention at four clinic sites: the Cooper Institute, Stanford University, the University of Pittsburgh, and Wake Forest University. The intervention lasted 12 months and was divided into three phases: adoption (months 1-2), transition (months 3-6), and maintenance (months 7-12). Walking was the primary mode of activity in the intervention with a goal of 150 min/wk. In addition, participants engaged in limited training for balance and the development of lower extremity strength. Attendance data for center-based physical activity sessions and the frequency of home-based physical activity that participants recorded in activity logs were entered by interventionists into a web-based data entry system. All procedures for LIFE-P were approved by the institutional review board of the medical school at Wake Forest University.
Inclusion criteria
• Aged 70-89 years • At risk for mobility disability (SPPB score <10) (Guralnik et al 1995 
Measures
For the adoption and transition phases, the outcome measure was adherence to scheduled center-based sessions calculated as the number of sessions attended divided by total number of sessions offered multiplied by 100. For the maintenance phase, the outcome measure was an average of the total number of self-reported exercise sessions performed each week that was recorded on logs. For the purposes of this study, we grouped the predictor variables into one of fi ve conceptually related categories (see Table 1 ). A brief description of each measure is provided below.
Participant demographics and disease burden
Using a structured interview method, we obtained data on participant's education, age, sex, race/ethnicity, and disease burden. Disease burden required discrete yes/no responses to the following chronic health conditions: arthritis, heart attack, heart failure, pacemaker, lung disease, cancer, and diabetes. In addition, data from standard physical measurements of height and weight were used to calculate body mass index (Rejeski et al 2005a) .
Physical functioning
Measures of physical functioning included (a) grip strength (Rantanen et al 1999) , (b) the Short Physical Performance Battery (SPPB) (Guranlik et al 1995) , and (c) the time to complete a 400 m self-paced walk without sitting and without the use of an assistive device (including a cane) or the help of another person (Simonsick et al 2001) . The SPPB involves 3 areas of performance: balance, chair stands, and a 4 m self-paced walking speed. Performance in each of these three areas is assigned a categorical score ranging from 0 to 4, with 4 indicating the highest level of performance and 0 an inability to complete the test. A summary score ranging from 0 (worst performers) to 12 (best performers) is calculated by adding walking speed, chair stands, and balance scores.
Self-report symptoms
Symptoms that were assessed in study participants included: (a) a 12-item pain scale (with instructions modifi ed to assess all body pain as opposed to knee pain) that has been used in previous physical activity trials and captures both pain intensity (6 items) and pain frequency (6 items) associated with the performance of 6 different basic physical tasks/ movements (Rejeski et al 1995) ; (b) a six-item scale that assessed energy/fatigue (Rejeski et al 1999) ; and (c) the Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff 1977 ).
Social cognitive process measures
For purposes of this study, we collected data on several social cognitive process measures that were conceptually related to the intervention. These included: (a) a measure of performance effi cacy related to the 400 m walk, (b) a barriers effi cacy scale (Garcia and King 1991) , (c) a measure of satisfaction with physical function (Reboussin et al 2000) , and an 8-item measure of desire for physical competence that was adapted from work by Rejeski and colleagues (Rejeski et al 2006) .
The 400 m walk effi cacy scale was completed after participants had fi nished the 400 m walk test. The instructions read: "You have just completed a walk that was about ¼ mile. Please answer the following questions that concern your confi dence (or certainty) in being able to walk at a similar pace for different distances one week from now." Five questions were rated on a 0 (no confi dence) to 10 (complete confi dence) scale with responses summed and converted to a 0-100 point scoring system. The fi rst item was written as follows: How much confi dence do you have in your ability to walk half as far as you did today, at the same pace, one week from now? The other four items were similar in content except that the italicized content changed. For item two, it read the same distance that you did today, item three read half again as far (the same distance plus half of that distance), item four read twice as far, and item fi ve read three times as far.
The 8-item desire scale included the following items from the original scale (Rejeski et al 2006) : (a) having the ability to do heavy work in the house or yard; (b) having the ability to stand up from a low, soft couch/chair; (c) having the ability to carry a ten pound object (ie, a bag of groceries) while climbing one fl ight of stairs; (d) having the ability to walk at a quick pace for a mile; (e) having the ability to get into and out of a car; (f) having the ability to do light work in the house or yard; and (g) having the ability to walk up and down a fl ight of stairs (hand rails available).
Physical activity intervention
The physical activity intervention employed a combination of aerobic, strength, balance, and fl exibility exercises (see Table 2 ). Since the details of this intervention have been published elsewhere (Rejeski et al 2005a) , we will outline only the major elements in this paper. First, the intervention was divided into 3 phases: adoption (months 1-2), transition (month 3-6) and maintenance (month 7-12).
The physical activity intervention was based on social cognitive theory (Bandura 1986 ) and a recent group-mediated approach for promoting physical activity among older adults (Rejeski et al 2003) . In addition to specifi c training on the endurance, strength, fl exibility, and balance portions of the regimen, the training regimen included 10 weekly closed-group behavioral counseling sessions that focused on physical activity adherence and the prevention of physical disability. Emphasis was placed on the development of motivation and skills to promote adherence and an increase of all forms of physical activity throughout the day. Moderate intensity walking was the primary mode of physical activity (King 1998 ; US Department of HHS 1996) and the ultimate goal was a 150 minutes of physical activity each week achieved by being active on most, if not all, days of the week. Sessions were preceded by a brief warm-up period and followed by a brief cool-down period. In the adoption phase (months 1-2), participants attended center-based exercise (40-60 min) 3 times each week, had group behavior counseling sessions once a week, and received a telephone contact one time each month. A gradual phasing in of home-based physical activity began in week 4.
During the transition phase (months 3-6), center-based exercise was conducted 2 times each week, with group Predictors of adherence behavioral counseling contacts occurring during the fi rst two weeks and phone contacts each month. During the maintenance phase, center-based exercise sessions were offered one time each week (optional) with monthly phone contacts to monitor and promote home-based physical activity.
Restarting a suspended physical activity program
Participants were placed on suspended status when they encountered a hospitalization, injury, or other health event that required them to miss more than 2 consecutive weeks of physical activity. The details of how these patients were managed can be found in the design paper for LIFE-P (Rejeski et al 2005) .
Statistical procedures
For the adoption and transition phases, percent attendance was modeled as the dependent variable; whereas, to accommodate skewness of the untransformed data, a square root transformation was used when modeling frequency of physical activity from the maintenance phase. Backward stepwise elimination regression models were developed for each of the 5 separate groups of variables described in Table 1 for each phase of the physical activity program. Because these models were intended to identify variables for entry into a composite model, the alpha level for variables retained in each of these analyses was set at p < 0.15. Subsequently, composite backward elimination regression models were conducted for each phase of the intervention. In these analyses, the demographic variables were forced into each model along with those variables that met the 0.15 criterion in the individual analyses of the variable groupings. For the composite models, variables were eliminated by a backward elimination procedure until all variables in the model (with the exception of the demographic variables) had a p-value less than 0.05. Table 3 provides descriptive statistics on the LIFE study participants that were part of the physical activity intervention arm. Of this group, 68.5% were women, 75.1% were Caucasian/White, and 17.4% were African American. Participants were relatively equally distributed across three age groups -70-74 yrs, 75-79 yrs, and 80-89 yrs -with only 2.3% being 85+. A large proportion of the participants were highly educated with 66.7% having college or post graduate training. The most common co-morbidities were hypertension (69.48%), arthritis (23.47%), and diabetes (27.23%). At baseline, participants were sedentary (see inclusion criteria) and had compromised physical function as is evident from a mean (SD) total SPPB score of 7.57 (1.45). Adherence rates to center-based sessions during the intensive and transition phases were 70.7% and 60.9%, respectively. From home-based logs collected during the physical activity maintenance period, we determined that participants were physically active an average of 3.7 sessions/wk during the maintenance phase. The top three reasons for missing scheduled center-based exercise sessions across the study intervention period were as follows: illness/health (16.9%), being too busy (16.1%), and traveling/vacation (10.1%). Table 4 provides the results of the backwards elimination modeling for the adoption phase. Recall that variables considered in all composite models included demographic variables by forced entry and any variable from the fi ve independent group regression models that had a p-value below 0.15 in the fi nal step. Examination of the fi rst 3 columns of data in this Table reveals that the following variables passed the 0.15 criterion in the variable group regression analysis: heart attack, heart failure, lung disease, and BMI from the chronic disease category, SPPB balance score, along with desire for physical competence, barriers effi cacy, and 400 m performance effi cacy from the process measures category. However, as shown in the last 3 columns of data, only the presence of lung disease and low barriers effi cacy scores remained signifi cant at the p < 0.05 level, with the overall R 2 for the model = 0.10. When conducting the analyses for adherence in the transition phase (Table 5) , only two variables passed the 0.15 criterion in the variable group regression analysis. These predictor variables included participants who wore a pacemaker and those with slower 400 m walk times. When combined in the fi nal composite model, both of these variables were signifi cant predictors (p < 0.05) of percent attendance with an R 2 of 0.10. Those with slower walking times at baseline had poorer attendance in the transition phase of the study, whereas those with a pacemaker had better attendance. Because we knew that prior behavior might be an important predictor of future behavior, we added percent attendance in the adoption phase to the model as an additional predictor variable of percent attendance in the transition phase. In fact, prior physical activity percent attendance was a signifi cant predictor in this model (p < 0.0001) increasing the R 2 to 0.21. Finally, examination of the data from the maintenance phase (Table 6) illustrates that 3 chronic disease variablesarthritis, having a pacemaker, and BMI -in combination with energy/fatigue from the symptom category, and barriers effi cacy from the process measures category met the p < 0.15 criterion in the variable group regression models. Data for the fi nal step of the composite model appears in the fi nal 3 columns of Table 5 and illustrates that only the presence of a pacemaker and low energy/fatigue (ie, feeling tired) scores were signifi cant predictors of frequency of physical activity with an R 2 of 0.13. When we entered percent attendance during phase 2 into this composite model, the R 2 increased dramatically from 0.13 to 0.46, and the only other signifi cant variables in the model with prior physical activity percent attendance present were gender and the energy/fatigue score.
Results
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Relationship of suspended status to center-based adherence
An important feature of the study design was the placement of participants on "suspended status" when they missed more than 2 consecutive weeks of center-based physical activity training due to an illness. Because it was diffi cult to identify a clear start date for suspension when participants were at home in the maintenance phase of intervention, we only report data on the fi rst two phases of intervention -the adoption and transition phases.
Of the 213 participants who were part of the physical activity intervention in the LIFE study, 91 were placed on suspended status at some point during the intervention and 48 of these returned to an active status. Not surprisingly, suspended status was inversely related to adherence to center-based visits during both the adoption (r s = −0.49) and the transition phases of intervention (r s = −0.54). In examining potential correlates of suspended status, we found that, of those who had congestive heart failure (n = 14), 71.4% were placed on suspended status as compared to 39.8% who did not have this condition, RR = 1.79; 95% C.I. = 1.24, 2.61. In addition, of 5 participants who had pacemakers, 80% were placed on suspended status as compared to 41.2% who did not have pacemakers, RR = 1.94; 95% C.I. = 1.21, 3.10.
Discussion
The purpose of the present study was to examine the ability of several conceptually related clusters of variables to predict adherence of older adults who were at risk for disability to the LIFE-P physical activity intervention. Our results indicate that demographic variables, disease burden, selfreported symptoms, physical functioning and social cognitive variables together predicted 10% of the variance in percent attendance during both the adoption phase and the transition phase. Furthermore, when we added percent attendance in the adoption phase to the prediction of percent attendance in the transition phase, the amount of explained variance increased from 10% to 21%. During the maintenance phase, the conceptually-based clusters of predictor variables accounted for 13% of the variance in predicting frequency of physical activity; however, this estimate increased to 46% when adding attendance to center-based visits to the model for the transition phase. Clearly, prior behavior in relation to center-based attendance is an important predictor of how frequently participants engage in physical activity when involved at home in an independent environment (Rejeski et al 1997) .
There was a lack of consistency in the variables that predicted adherence across the various phases of LIFE-P. For example, in the adoption phase, the presence of lung disease and low efficacy to manage barriers to physical activity met the inclusion criteria for the composite model. In the transition phase, both poorer performance on the baseline 400 m walk and presence of a pacemaker were significant predictors of percent attendance in the composite model, whereas predictors in the maintenance phase for this model included the presence of a pacemaker and higher levels of self-reported fatigue. Moreover, the variance accounted for by any of the three composite models never exceeded 13%. We view this evidence as encouraging from a public health perspective in that the LIFE-P intervention appears to be tolerated quite well by diverse subgroups of older adults.
The observed pattern of the individual predictor variables across the different phases of the intervention in LIFE-P is supportive of past research (McAuley 1993). For example, although self-effi cacy has been consistently found to be a reliable predictor of physical activity in older adults (Brassington et al 2002; McAuley et al 2003) , it has been found to play different roles at different phases in physical activity interventions (McAuley et al 1993; Oman and King 1998; Brassington et al 2002; McAuley et al 2003) . Similar to the present study, McAuley and colleagues (2003) also found that self-effi cacy was a signifi cant predictor of adherence during the adoption phase of an older adult physical activity intervention, not during the transition phase. This fi nding is consistent with the position that self-effi cacy is most infl uential in predicting behavior during challenging situations (Bandura 1997) such as attempting to integrate physical activity into the lives of sedentary older adults who have compromised physical function. As physical activity becomes more habitual, different variables become important such as past experience or complications from co-morbidities (McAuley et al 1993; Brassington et al 2002; McAuley et al 2003) . Interestingly, in contrast to a study by McAuley and his colleagues (2003) , the present investigation did not fi nd self-effi cacy to be a signifi cant predictor of adherence during the maintenance phase of the intervention; only past attendance and energy/fatigue were signifi cant predictors among LIFE-P participants. We can only speculate about the failure of self-effi cacy to predict adherence in the maintenance phase of LIFE-P. In this regard, the adherence problems in the maintenance phase may be rooted in the lack of desire to be physically active as opposed to lacking confi dence in the ability to do so, a hypothesis that is indirectly supported by the powerful role that physical activity behavior in the transition phase had in predicting adherence in the maintenance phase -a partial R 2 of 33%. The contribution that the predictor variables had on explaining variance in physical activity attendance is consistent with our previous work with older adults with knee osteoarthritis (OA) (Rejeski et al 1997) . In that study, the predictor variables also accounted for ∼10% of the variance in attendance in the adoption phase. Additionally, the most consistent and potent predictor of attendance in LIFE-P was exercise behavior in the previous phases of the trial, a fi nding that also parallels data from our research on older adults with knee OA. As we mentioned in the introduction, the repetition of intentional behavior is related to habit formation (Maddux and DuCharme 1997) . However, it is also true that participants with better adherence are exposed to greater and more consistent mastery experience. Mastery experience is the most potent source for enhancing self-effi cacy beliefs (Bandura 1997 ) and self-effi cacy is a known determinant of physical activity behavior (McAuley et al 2003) .
The role that CHF had on days spent in suspended status is intriguing. One might be tempted to conclude from these data that older adults who have CHF are not good candidates for a physical activity intervention similar to the one employed in LIFE-P. However, we have examined the consequence of having CHF on return from suspended status. The evidence suggests that the probability of returning from suspended status in this subgroup is no worse than other causes of suspended status. Thus, instead of using CHF as an exclusion
Predictors of adherence criterion, we would argue that these individuals might have the most to gain from being physically active.
We conclude that the adherence of older adults at risk for disability to physical activity interventions is not related to differences in demographic profi les. Similarly, there was not strong, consistent evidence that adherence is related in a consistent manner to comorbidities, level of physical functioning, physical symptoms, or even social cognitive variables related to functioning and physical activity that exist prior to the onset of an intervention. Although the percent variance accounted for by the models in each phase of the intervention was statistically signifi cant, there was not a single instance where the composite models explained more than 13% of the variability in adherence. These results are heartening in that the physical activity intervention appears to have been well tolerated by diverse subgroups of older adults. In contrast, prior behavior accounted for an additional 11% of the variance in the transition phase and an additional 33% in the maintenance phase. These data underscore the importance of being proactive in countering nonadherence and in responding quickly to individuals who begin to develop patterns of nonadherence. We would caution readers to recognize that the results of this study are limited to older adults in the target population who are motivated to volunteer for a 12 month randomized controlled trial. We do not yet know, but must conduct research on theoretically relevant predictors of adherence to longer term interventions. To this end, our aim is to conduct a large multi-center trial that builds on the experience acquired in LIFE-P.
